The purpose of this study was (a) O ccupational therapists often intervene to enhance premature neonates' ability to feed orally. Although detailed gUidelines have been proposed for the developmental progression of oral motor skills after term age (Morris, 1982; Morris & Dunn, 1987) , there is minimal information about the oral motor patterns of premature infants. The recognition of normal and deficit sucking patterns is important to the provision of appropriate intervention to high-risk premature neonates. Several studies have documented the differences in sucking function between premature and full-term infants. These studies have proVided some information as to the typical sucking patterns of premature infants; however, the results and interpretations are not always consistent. Wolff (1968) demonstrated that the pattern of sucking in 33-to 36-week-old premature infants was the same as that of full-term infants, but the mean rate per sec was lower. Casaer, Daniels, Devlieger, DeCock, and Eggermont (1982) found that feeding efficiency and the duration of feeding experiences were highly negatively correlated. These findings suggested that infants with poor sucking skills require significantly more time to feed. These researchers observed a marked increase in feeding efficiency between the gestational ages of 33 and 34 weeks. Gryboski (1969) also found improvement in the coordination of sucking and swallowing at 34 weeks' gestational age.
Other researchers have examined the sucking and feeding behaviors of high-risk neonates such as those seen by occupational therapists (Drier & Wolff, 1972; Dubignon & Cooper, 1980; Rybski & Gisel, 1984) . The results obtained by Rybski and Gisel and Dubignon and Cooper demonstrated that optimal feeders, or those with greater volume intake, had significantly higher sucking counts and longer sucking time. Neonates classified as poor feeders exhibited less efficient SUCking, fatigued earlier, and spent more time in extraneous behaviors than did optimal feeders. Drier and Wolff suggested that neonates who are stressed by anoxia or adverse perinatal factors have sucking patterns that differ from those of nonstressed neonates. Infants with evidence of central nervous system insults differed particularly in the temporal organization of rhythmical oral motor patterns. Cowett, Lipsitt, Vohr, and Oh (1978) demonstrated that mildly stressed low-birth weight infants and term infants had similar patterns whereas severely stressed low-birth weight infants emitted fewer sucking responses.
Through the use of specialized equipment, researchers have demonstrated that duration of feeding and suction pressure, rate, and rhythm can be objectively measured (Cowett et a!., 1978; Kron, Stern, & Goddard, 1963; Lipsitt, Reilly, Butcher, & Greenwood, 1976; Wolff, 1968) However, the reliability of these measures is affected by a multitude of factors, including gestational age, state of arousal, hunger, and environmental influences (Kron, Ipson, & Goddard, 1973; Kron et aI., 1963) .
The Neonatal Oral Motor Assessment Scale (NOMAS) was developed by Braun and Palmer (1986) to identify and quantify normal and deviant oral motor patterns in neonates. The observational assessment rates individual tongue and jaw responses during nonnutritive and nutritive sucking. It incorporates research findings on the characteristics of neonatal sucking into a 42-item scale, which provides a thorough framework for identifying jaw and tongue movement components. The specific analysis of the oral motor components is valuable to the occupational therapist in planning and implementing treatment. The assessment was revised by the first author (CaseSmith, 1988) to improve clarity and sensitivity to the frequency of responses.
Test-retest reliability of the revised NOMAS was evaluated in tests with 26 premature infants (gestational ages of 34 to 38 weeks) who were identified as poor feeders by the nursing staff (Case- Smith & Bauer, 1987) . In repeated testing after a 24-hour interval, test-retest reliability coefficients calculated with Pearson correlations were .83 for nutritive sucking, .67 for nonnutritive sucking, and .82 for total sucking scores.
A sample of 15 premature, "poor-feeder" neonates was used to estimate interrater reliability by computing intraclass correlation coefficients for test scores. Intraclass correlations were high: .928 for nutritive sucking, .967 for nonnutritive sucking, and .938 for total sucking scores.
In the original pilot study by Braun and Palmer (1986) , which involved 11 subjects, polygraphic data of intraoral sucking pressure correlated with degree of oral motor dysfunction as measured by the NOMAS. The amount of sucking pressure and the duration of sucking bursts seemed to relate to the NOMAS scores. Additional investigations of the validity of this oral motor measurement are necessary to support its clinical use.
This study examines two areas. First, it investigates the validity of the revised NOMAS in a sample of high-risk premature neonates by determining if the NOMAS discriminates between inefficient and efficient feeders. Second, it determines which oral motor behaviors are significantly different in inefficient and efficient feeders.
It was determined that inefficient feeders would be those infants who consumed less than 15 cm 3 of formula in the first 5 min of feeding, and efficient feeders would be those infants who consumed more than 20 cm 3 of formula in the first 5 min of feeding The classification system for feeding efficiency of the neonates was determined after all of the data had been collected. The criteria were based on the mean weight of the neonates, the gUidelines for nutritional intake of the American Academy of Pediatrics (1985) , and the ideal length of time for feeding of neonates at 34 to 35 weeks' gestational age.
Method
Sample. The subjects of the study were 26 highrisk premature infants with one or more medical risk factors who were under treatment in a regional neonatal intensive care unit. The neonates' gestational ages were 34 to 35 weeks, with one or more of the following medical complications: respiratory distress syndrome, apnea, bradycardia, evidence of neurological insult, or very small size for gestational age. Infants with unresolved metabolic problems, infections, or viruses were not included. Infants with tracheostomies were also not included.
Administration of Instrument. The first author trained the other two authors in administering the revised NOMAS. All three authors were experienced in working with premature neonates. Interrater agreement was assessed with 5 infants scored simultaneously by two raters. Agreement percentages were 91 % for the nonnutritive sucking scale and 97% for the nutritive sucking scale.
All tests were administered at the infants' regular feeding times and were not performed immediately after stressful procedures or excessively fatiguing events. Each infant was gently aroused to an awake, alert state with minimal to moderate motor activity (comparable to State 4 or 5 on the Neonatal Brazelton Behavioral Assessment Scale, Brazelton, 1973) for the testing. Then all infants were rated on 13 items of the movement and muscle tone section of the Neurological Assessment of Preterm and Full-Term Infants (Dubowitz & Dubowitz, 1981) . During this 5-to 10-min assessment, muscle tone, reflexes, and righting reactions were rated in supine, supported sitting, and prone pOSitions. Only three pOSition changes were reqUired in the sequence of test items. The data from the movement assessments were used in another study that examined the relationship between motor function and oral motor function and were not included in this analysis.
The revised NOMAS was administered with the infant in the therapist's lap and the infant's neck and head held in neutral alignment or slight flexion. Nonnutritive sucking was rated after observation of sucking or mouthing on the rater's fifth finger for 1 min. The finger was slowly removed and replaced on the tongue two times to observe initiation of movement, cupping of the tongue, and extension and retraction of the tongue.
For the observation of nutritive sucking the premature nipple and formula specified in the infant's medical orders were used. The nipple was slowly introduced onto the central tongue and passively held at the middle portion. The infant's sucking response was observed for a 5-min interval; dUring this time the nipple was removed and reentered two to three times. Shifts in the baby's pOSition were aVOided, and except in a few instances, burping was not done until after the 5-min interval. All behaviors in that 5 min interval were considered in rating the assessment items.
The normal characteristics for nutritive and nonnutritive sucking were rated according to their frequency of occurrence. Responses were given a score of 2 if they were made consistently or more frequently than 50% of the time, a score of 1 if they were made inconsistently or less frequently than 50% of the time, and a score of 0 if they were made not at all, Abnormal characteristics were scored as present or absent and were considered present if seen one or more times.
liqUid intake was measured in the first 5 min of feeding. Control of liqUid flow was standardized by using the premature infant nipple with all of the infants. The formulas were not thickened and therefore were of a similar consistency.
Results

Sample
The mean age for the 26 neonates was 34.s estimated gestational weeks. All of the infants had respiratory distress syndrome. Fourteen had had hyperbilirubinemia, which had been successfully treated by the time of the first testing, and three had had acidosis, which had resolved. Two were smaU for gestational age at birth. One had a grade 3 intraventricular hemorrhage, and three had patent ductus arteriosus, which had not yet been repaired. Four had documented episodes of apnea, one had tachycardia, and three had bradycardia, AU of the infants were oral feeders; nine infants received supplemental gavage feeding.
The infants were classified into two groups. The standards of the American Academy of Pediatrics (1985) and the calculated mean weight of the neonates (1,563 g) were used to estimate that each infant reqUired an average of 180 calories, or 270 cm 3 of standard formula per day, for growth, Therefore, the neonates needed to consume an average of 34 cm 3 of formula per feeding, and most of the infants did receive 35 to 40 cm 3 per feeding at the time of testing, Because of their early fatigue and very limited energy stores it was concluded that these neonates should complete their feeding in 15 min (Harris, 1986; Sameroff, 1968) and should consume half of their liquid intake in the first 5 min, Those infants who consumed less than half of the ideal feeding intake «15 Note. RDS = respiratory distress syndrome. cm 3 ) in the first 5 min were classified as inefficient feeders. Those who consumed almost two thirds of their ideal feeding intake (>20 cm 3 ) in the first 5 min were classified as efficient feeders. On the basis of this classification system, 16 neonates were categorized as inefficient feeders. Ten neonates who had a mean intake of 25.6 cm 3 in the first 5 min were categorized as efficient feeders. Infants who consumed 15 to 20 cm 3 in the first 5 min were excluded from the sample, Table 1 describes the characteristics of the twO groups.
None of the efficient feeders were gavage fed, whereas 9 of the inefficient feeders reqUired supplemental gavage feeding. The percentage of infants with medical complications other than prematurity and respiratory distress syndrome (chi-square = .42, P == ,52) was not Significantly different in the twO groups (the severity of medical risk factors was not measured), The mean ages and weights for the groups were almost eqUivalent and therefore did not account for differences in the amount of liquid consumed.
Data Analysis
Mean NOMAS scores for the twO groups are listed in Table 2 .
The Wilcoxon ranked sum test (Lehman, 1975) was used to estimate whether or not the differences between the summed scores were significant. Both Note. NOMAS = Neonatal Oral Motor Assessment Scale (Braun & Palmer, 1986) The American journal of Occupational Therapy nonnutritive and nutritive sucking were higher in the efficient feeders than in the inefficient feeders (z = 3.05, P = .002, and z = 2.65, P = .008, respectively). The total sucking score was also significantly higher in the efficient feeders (z = 3.67, P = .0002).
A discriminant analysis was performed to determine if the NOMAS scores would accurately classify the neonates who were efficient or inefficient feeders. The results of the discriminant analysis are presented in Table 3 .
The total NOMAS scores accurately classified 15 of the 16 inefficient feeders and 7 of the 10 efficient feeders.
The Wilcoxon ranked sum test was used to determine whether individual item scores for the efficient feeders were higher than were the same scores for the inefficient feeders. The Wilcoxon ranked sum procedure was used to compute approximate p values for each oral motor behavior. Only neonates who were classified as inefficient or efficient feeders by both the amount of liquid intake in 5 min and the total NOMAS scores were used in this analysis (n = 22). The mean scores and p values for each nutritive sucking behavior measured by the NOMAS are listed in Table 4 . Mean scores and approximate significance for nonnutritive sucking behaviors are listed in Table 5 .
The oral motor behaviors that distinguished the inefficient from the efficient feeders were the same in both nutritive and nonnutritive sucking. Rhythm and rate of jaw and tongue were significantly different in the two groups. The efficient feeders tended to have cupped tongues that moved in rhythmic extension and retraction. Besides the differences in rate and rhythm, the inefficient feeders exhibited the following responses more frequently than the efficient feeders: disorganized tongue movement, jaw clenching, flattened tongue, and tongue retraction in which the tongue appeared pulled to the back of the mouth. All of the inefficient feeders paused for longer than 6 sec during nutritive sucking compared with 46% of the efficient feeders. The sucking behaviors that were not significantly different between the two groups of infants were amount of spontaneous movement, initiation of movement, degree and consistency of jaw excursion, and coughing or sputtering related to incoordination of suck and swallow. Most of the infants were able to efficiently swallow the liqUid once it was expressed (mean score for that item was 1.4/2.0). The majority of infants in both groups had wide jaw excursion (80%) and inconsistent jaw movements (82%) in nutritive sucking. Jaw clenching and minimal excursions tended to be a consistent pattern observed in all of the neonates during nonnutritive sucking (94% for inefficient feeders and 71 % for efficient feeders). Tongue protrusion beyond the lips was rarely seen, and although listed as an abnormal characteristic, this response was more prevalent in the nutritive sucking of the efficient feeders than in the nutritive sucking of the inefficient feeders.
Discussion
This study gives support to the construct validity of the revised NOMAS as an index of oral motor function in neonates with a gestational age of 34 to 35 weeks. The tool is accurate in identifying infants whose liquid intake by mouth is low and may have potential use in determining whether gavage or oral feeding is appropriate for a premature infant. The sucking behaviors that distingUish the inefficient and efficient feeders at the gestational age of 34 to 35 weeks have relevance for our therapeutiC intervention. The characteristics that are most disparate are the sucking rhythm and rate. Absence of movement that exceeded 6 sec occurred in all of the inefficient feeders during nutritive and nonnutritive sucking. Fatigue with resultant long pauses and inability to continue a sequenced rhythmiC pattern seem to be factors in the sucking responses of infants with low liqUid intake. Rybski and Gisel (1984) did not observe these long pauses in infants with low liqUid intake and found that neonates who were suboptimal feeders had less pause time than did neonates who were optimal feeders and tended to spend potential pause time in nonnutritive sucking. We did not measure length of pause time; however, all of the inefficient feeders were observed to have long pauses with no oral activity. Our findings are similar to those of Dubignon and Cooper (1980) , who found that neonates described as poor feeders spent less time sucking and emitted few responses with longer interburst intervals than did the good feeders. Other researchers have demonstrated that perinatally stressed infants have sucking patterns with different temporal organization of rhythmical motor patterns (Cowett et al., 1978; Wolff, 1968) . Although we did not use the same criteria to classify our neonates, the rhythmical sucking patterns that we observed distingUished the inefficient from the efficient feeders. It seems that the poor feeders did not have difficulty initiating movement or swallOWing the liquid expressed but that they did have difficulty maintaining a rhythmic pattern with a consistent rate.
Although 6 of the 8 normal characteristics of nutritive sucking were significantly different between efficient and inefficient feeders, only 4 of the 14 abnormal characteristics were significantly different between the groups. These results suggest that many characteristics listed as abnormal on the NOMAS are present in all 34-to 35-week-old neonates, including in those classified as efficient feeders. One instance or more of incoordination, inconsistent jaw depression, lack of rhythm, or wide jaw excursion was common to both groups of infants. Because most of the abnormal characteristics are prevalent in both groups, intervention should emphasize the normal characteristics that distinguish the efficient from the inefficient feeders.
The movement items administered before the revised NOMAS was administered appeared to have the effect of arousing the infants to an awake and active behavioral state. Caution was exercised to avoid stressing or disorganizing the infants (i.e., the therapists' hands were warmed to room temperature, the infants were held securely, and position changes were made slowly and smoothly). Although the tactile and vestibular input of the motor items seemed to enhance arousal in the infants, the differential effects of this stimulation were not measured and may have varied among the individual infants. In particular, the tactile system, which was not assessed in this study, is known to influence sucking behaviors at a very early age (Bosma, 1981; Farber, 1982; Kron et aI., 1973) . Bosma suggested that appropriate oral experiences may be critical in the final weeks of gestation and that inappropriate oral input may impair fragile syntheses of central function. The central sensory connections may be immature and unready for the intrusive sensations that are imposed upon them.
Most of the interruptions in rhythmic sucking and the abnormal characteristics observed seemed to be influenced by respiratory function and behavioral state. Although none of the infants experienced apnea or cyanosis during the testing, many infants were noted to have difficulty maintaining rhythmical sucking, swallowing, and breathing, which resulted in long pauses. Casaer et al. (1982) hypothesized that respiratory difficulties may have a primary effect on the feeding abilities of premature neonates. We recommend that therapists who provide feeding inter· vention to neonates as young as 34 weeks perform continual assessments of respiratory function and be· havioral state. Consideration should be given to all aspects of the neonate's sensory environment that may affect these variables. Preparation for feeding may include calming and relaxation to establish regular respiration. Pauses during feeding, which seem to characterize the inefficient feeders, should be permitted to facilitate rhythmic patterns during the sucking bursts. The quality of oral sensory experience in the premature infant may be critical to the development of oral motOr skill (Bosma, 1981) .
